Abstract-Reverse atom transfer radical polymerization of styrene was carried out in a microemulsion system with 2,2' azobisisobutyronitrile as initiator, CuBr 2 and 2' bipyridine as catalyst/ligand complex, sodium dodecyl sulfate as emulsifier and 1 hexanol as co emulsifier. The chosen system showed poor control over molecular weight characteristics, though the low values of polydispersity indexes of the polymer were observed. The particle size was decreased with the increase in the amount of catalyst/ligand complex. Addi tionally, the nucleation prevailed throughout the polymerization process.
INTRODUCTION
Atom transfer radical polymerization (ATRP) is one of the most robust controlled/living radical poly merization methods. ATRP was first reported by Matyjaszewski [1, 2] and Sawamoto [3, 4] and now has drawn a lot of attention due to its ability in the con trolled polymerization of various monomers (such as styrene [5] [6] [7] , methyl methacrylate [8, 9] and methyl acrylate [10, 11] ) with predetermined molecular weights, low polydispersities and precise end function alities [12] [13] [14] [15] . The core of ATRP is a reversible chemical equilibrium between activation of dormant species (R-X) and deactivation of active species (R·) by halogen transfer from transition metal compound in its higher oxidation ( ) to active species. ATRP uses toxic alkyl halide as initiator and unstable transition metal compound in its lower oxidation as catalyst, while by using conventional radical initiators and transition metals in their higher oxidation state as catalyst, reverse ATRP (RATRP) firstly reported by Wang [16] could steer clear of the toxic initiators and the unstable catalyst and could be applied to the poly merization of a wide range of monomers successfully [17] [18] [19] [20] .
Both ATRP and RATRP techniques used to be confined to bulk and solution polymerization. Recently, considerable efforts have been devoted to applying ATRP and RATRP techniques to polymer ization in aqueous dispersing systems, which have many advantages, such as environment friendly medium, better mixing, faster heat transfer, and easier 1 The article is published in the original. [27, 28] . Therefore, applying RATRP to microemulsions can combine the advantages of RATRP with those of microemulsion polymerization to synthesize nano sized particles with narrow particle size distribution and controlled structures in an envi ronment friendly way. RATRP of styrene in micro emulsion using AIBN as initiator and CuCl 2 /2,2' bipyridine as catalyst was reported by Haike Feng and Yi Dan [29] . The controlling of polymerization was realized to a certain extent, and the introduction of low molecular weight electrolyte could make the poly merization control better. Nonetheless, relative few researches on ATRP in microemulsions were reported.
In this article, reverse atom transfer radical micro emulsion polymerization was investigated with styrene as monomer, SDS as emulsifier, 1 hexanol as co emulsifier, AIBN as initiator and CuBr 2 /2,2' bipyri dine as catalyst/ligand complex. The effects of the molar ratio of initiator/catalyst/ligand on polymeriza tion, and the characteristics of polymerization reac tion were studied. 
EXPERIMENTAL

Microemulsion RATRP
The oil phase was composed of styrene (5.75 g), AIBN (9.4 × 10 -3 g)/CuBr 2 /Bpy as initiator/cata lyst/ligand complex and 1 hexanol (0.922 g) as co emulsifier. Different molar ratios of the initiator/cata lyst/ligand complexes were employed in polymeriza tion. The aqueous phase consisted of SDS (23 g) and deionized water (92 g). The aqueous phase and oil phase were mixed in a flask to form the RATRP micro emulsions. The microemulsions were bubbled with nitrogen at room temperature for an hour to eliminate oxygen, and the flask filled with microemulsion was first immersed in a water bath, and then the water bath was set to 75°C. After the temperature reached the value of 75°C the samples were taken periodically and the conversion and the molecular weight were mea sured. The whole reaction process was protected by nitrogen.
Characterization
The monomer conversion was determined gravi metrically. The number average molecular weight M n and the polydispersity index M w /M n of the obtained polymers were determined by gel permeation chroma tography (GPC, Waters 150 C, Ustyragel 500 Å, 10 3 Å, 10 4 Å, USA) using THF as eluent at a flow rate of 1.0 mL/min at room temperature using PS stan dards. The size and the distribution of latex particles were determined by photon cross correlation spec trometer (Sympatec Nanophox, Germany). The total number of latex particles N p and the total number of polymer chains N were calculated by Eqs. (1) and (2), respectively [30]:
(1) (2) where M 0 (g) is the initial amount of monomer, C is the monomer conversion, ρ PS (g/mL) is the density of polystyrene, and V p (mL) is the average volume of latex particles, and N A is the Avogadro constant.
RESULTS AND DISCUSSION
Effects of Initiator/Catalyst/Ligand Molar Ratios on Polymerization
The monomer conversion at 1/1/2 molar ratios of AIBN/CuBr 2 /Bpy is presented in Fig. 1 as a function of reaction time. The conversion increased rapidly with time, while molecular weight decreased showing the characteristic of conventional microemulsion polymerization. This result indicated that at chosen molar ratio of AIBN/CuBr 2 /Bpy the polymerization was not controlled.
The monomer conversion at the other molar ratios of AIBN/CuBr 2 /Bpy was presented in the table. With the increase of the amount of CuBr 2 /Bpy in the system keeping their ratio the same the rate of polymerization decreased comparing to the system with molar ratio of AIBN/CuBr 2 /Bpy = 1/1/2, however no regularity can be found between the change of CuBr 2 /Bpy amount and polymerization rate (table). This may come from slow preheating of the reaction mixture up to given temperature. The increase of the catalyst/ligand con centration also led to decrease of M n of the polymer comparing to the system containing CuBr 2 /Bpy molar ratio of 1/1/2 as well as to reduction of the PDI value.
However only at a molar ratio of AIBN/CuBr 2 /Bpy equal to 1/5/10 the slight increase of M n with rise in monomer conversion was observed, but the experi mental values of M n exceeded the theoretical ones more than one order of magnitude, which indicated a rather low efficiency of the initiator (Fig. 2) , while PDIs were basically less than 1.5 (table) 
